The Epidermal Growth Factor Receptor (EGFR) plays an important role in both physiological and cancerrelated processes. To study the factors that influence EGFR phosphorylation, we have coupled single-molecule microscopy experiments with rule-based modeling of EGFR signaling. We have made technical improvements over the previously described Single-Molecule Pull-down (SiMPull) assay to facilitate direct detection of the phosphorylation state of thousands of individual receptors. We monitored the phosphorylation of EGFR-GFP expressed in CHO cells. By counting the number of GFP molecules colocalized with a red-emitting fluorescent antibody, the fraction of receptors phosphorylated at a specific tyrosine residue was determined. We found that only a subpopulation of EGFR become phosphorylated under what is considered maximal activation conditions and that the extent of phosphorylation varies by tyrosine residue. Three-color imaging of EGFR-GFP with antibodies directed to two distinct phospho-sites revealed that multi-site phosphorylation frequently occurs.

